Background: Leg ulcers usually occur in older patients, a growing population for which increasing health care resources are required. Treatment is mainly provided in patients' homes; however, patients often receive poorly integrated services in multiple settings. We report the results of a prospective study of a community-based care strategy for leg ulcers. Methods: International practice recommendations and guidelines were adapted to make a new clinical protocol. The new model, for a dedicated service staffed by specially trained registered nurses, established initial and ongoing assessment time frames and provided enhanced linkages to medical specialists. Data were collected for 1 year before and after implementation; outcome measures included 3-month healing rates, quality of life and resource usage. Results: Three-month healing rates more than doubled between the year before implementation (23% [18/78]) and the year afterward (56% [100/180]). The number of nursing visits per case declined, from a median of 37 to 25 (p = 0.041); the median supply cost per case was reduced from $1923 to $406 (p = 0.005). Interpretation: Reorganization of care for people with leg ulcers was associated with improved healing and a more efficient use of nursing visits.
A lthough not always recognized as a pressing health care problem, leg ulcers are a common, complex, and costly condition. International studies have shown that their occurrence increases with age. [1] [2] [3] [4] [5] Chronic ulcers are an ongoing burden to patients and to the health care system. [6] [7] [8] [9] [10] Patients tend to receive poorly integrated services in multiple settings.
The Ottawa Community Care Access Centre, an eastern Ontario home-care authority, observed a pattern of yearly increases in the resources required to care for people with chronic wounds. Researchers from Queen's University, Ottawa University and 3 nursing agencies undertook a comprehensive regional needs assessment to understand the population and the care environment. They documented an estimated prevalence of 1.8 cases of leg ulcer per 1000 population, an incidence comparable to rates reported from other countries. 11 Profile information revealed a population complex in terms of health problems and care challenges. Most patients were over 65 years in age; nearly three-quarters had 3 or more other conditions. Over two-thirds had experienced leg ulcers for many months. Half of the affected population had a leg-ulcer history spanning 5-10 years; a third, exceeding 10 years. Our 4-week costing study 12 estimated that 192 people receiving care would annually consume $1 million in nursing care services and $260 000 in wound-care supplies.
Home care nurses and family physicians had varying levels of confidence in managing patients with leg ulcers. 13, 14 In general, they were unaware of the relative effectiveness of compression therapy for venous leg ulcers, i.e., that 1 of 6 patients so treated would heal (95% confidence interval [CI] 4-18). 15, 16 Practice audits indicated that assessments were not standardized: ultrasound readings of the ankle brachial pressure index (measured with a handheld Doppler) to rule out arterial disease were not routine; serial measurements of ulcers were carried out inconsistently; and compression bandaging, the standard of care for venous ulcers, was underutilized and yet also occasionally applied inappropriately to ulcers with arterial involvement. 17 The researchers and organizations involved collaborated and fed information back and forth, generating regional data which, when combined with available external evidence, provided information appropriate to the local community. Regional decision-makers agreed to a redesign of the delivery of care to these patients, based on that information. This involved changing to a nurse-led service providing clinical care in accordance with a set of evidencebased guidelines. [18] [19] [20] The objective of our study was to determine and compare the health outcomes and efficiencies of the former and new services.
Methods
We decided to study a mixed urban-rural population served by a single, large home-care authority; the region chosen was populated by about 1 million people. Individuals who spoke English or French and were newly referred for home-care management of their leg ulcer(s) were eligible to participate. The study inclusion criteria specified an ulcer below the knee, without arteLeg-ulcer care in the community, before and after implementation of an evidence-based service rial involvement; i.e., an open wound of the lower limb that resists healing, caused by venous or mixed venous-arterial disease. Community care was provided in the home or at either of 2 clinics staffed by nurses.
The old and new service models were evaluated prospectively with a "pre-/postimplementation" study design (Fig. 1) approved by the Ottawa Health Research Institute's Research Ethics Board. The service system already in place required changes both organizational and clinical. Organizational changes involved switching to a primary nursing delivery model: 21 a dedicated service led and staffed entirely by registered nurses, with new provisions for physician referral and consultation. Each patient was assigned a primary nurse at admission, who was supported by a limited number of secondary nurses so that care could be provided 7 days per week.
Community nurses received training in how to assess leg ulcers and provide comprehensive care during a 12-month, indepth distance education course (Thames Valley University, UK) that included hands-on master classes. Those who successfully completed the course received a university certificate and became primary nurses in the new service. Training for secondary nurses included an extensive orientation and a "buddy system" to increase expertise and create a critical mass of appropriately prepared practitioners.
Clinical changes entailed adopting an evidence-informed protocol developed by an interdisciplinary task force, whose members made use of the Practice Guideline Evaluation and Adaptation Cycle. 22, 23 International guidelines were evaluated not only by content analysis of their recommendations but also by means of a validated guideline appraisal instrument. The task force compared guidelines for content and methodological quality, and practitioners and external experts provided feedback to help identify the recommendations most appropriate to the region. The result was 19, 20 According to the protocol, a primary nurse spends 1-1.5 hours doing an initial comprehensive assessment, using a standardized approach that includes Doppler measurement of the the ankle brachial pressure index. If the ulcer is of venous or venous-arterial origin and compression is deemed appropriate, the primary therapy of choice is compression bandaging. Serial measurements of the ulcer are part of the care routine, with full reassessment monthly; if no progress is noted, the patient is referred to a medical specialist. Once discharged, reassessment continues every 3 months until 1 year after admission, to support self-management, minimize recurrences and identify any recurrences early.
In both study periods, attending nurses were provided with information sheets to give to potential participants. After answering any questions from patients or accompanying caregivers, the nurses obtained written consent from those who agreed to join the study. If a patient was cognitively impaired, the information was given to a caregiver (if available), and permission was requested for the collection of clinical data only.
Data were collected at admission and again 3 months afterward. Profile information (demographic data, including information on patients' circumstances of living, and clinical data including comorbidities, previous leg ulcers and other medical history) was gathered through audit of health records. The study outcomes sought were the same for both study periods: the primary outcome was the proportion of patients whose leg ulcers had healed within 3 months of admission. Secondary outcomes included pain (as estimated with the Short Form McGill Pain Questionnaire, 24 health-related quality of life (HRQL, measured with the Medical Outcomes Study 12-Item Short-Form Health Survey [SF-12]) 25 and resource utilization (e.g., nursing visits, and compression bandages and other supplies used). Study participants had the option of completing the SF-12 forms themselves or partaking in a structured interview.
Clinical outcomes were assessed by the attending nurses on regularly scheduled visits and recorded on a standardized form. When healing was successful and a patient was no longer receiving care, a nurse collected data during a special visit funded by the research study. Research staff collected data on resource utilization from the nursing agency involved, home-care health records and administrative databases.
Descriptive statistics were calculated to report clinical and resource utilization data. The t test was used to evaluate differences between continuous variables (age, HRQL scores, ulcer size and persistence) and the χ 2 test to compare categorical variables (e.g., Margolis prognostic indicators). 26, 27 Where an initial analysis indicated that differences were not normally distributed, we used the nonparametric Mann-Whitney U test to determine if differences in participants' characteristics between the pre-implementation and postimplementation study groups were significant. Calculations of the proportion of patients whose ulcers were healed at 3 months excluded those who had died or were lost to follow-up.
Results
Differences in patients admitted during the study periods before or after implementation of the new model of care were nonsignificant for sociodemographic variables, circumstance of living, HRQoL and clinical characteristics (Table 1) .
Other between-period differences were seen once the new service was implemented, however, beginning with the plan of care. Under the new model, significantly fewer visits were planned after the initial assessment (Table 2) ; the proportion of daily visits, for example, dropped from 38% to 6% (Pearson χ 2 test 60.1, p < 0.001). Overall, the proportion of patients treated with compression therapy increased significantly, as did 3-month healing rates. A larger proportion of patients with solely venous ulcers healed than did those with venous-arterial leg ulcers. Fig. 2 shows that healing rates improved (albeit with wide confidence intervals) toward the end of the pre-implementation study period, when the planning of the new service was well underway and nurse training had been completed. After implementation, the rate of patients whose leg ulcers were healed after 3 months was 48%-61%, with tighter confidence intervals.
Differences between the study periods in reported SF-12 scores at 3 months for the questionnaire's physical (mean 34. ) were not significant. The mean physical component score for our study patients was lower than norms for all Canadians (50.5) as well as those older than 75 years (42.0), whereas the mean mental component score was closer to population norms (all adults, 51.7; those > 75 years of age, 54.5). 28 Comparing patients newly admitted during the last 6 months of either study period revealed the median number of nursing visits to have declined from 37 (interquartile 
Interpretation
The purpose of this study was to evaluate an implementation of a new community approach to the treatment of leg ulcers, a common chronic wound. The fundamental aspect of the redesign was altering organizational structures to support the provision of guideline-driven practice. A dedicated team of registered nurses with additional training and appropriate team size ensured expertise and experience enough to provide quality care; the team was provided adequate financing, suitable equipment (e.g., hand-held Dopplers) and enhanced linkages to family physicians and specialists. The service was led by a clinical leader with combined clinical, teaching and management expertise. The implementation of this dedicated nurse-led service using up-to-date practice guidelines was accompanied by better healing rates and improved efficiencies. The proportion of patients receiving the appropriate treatment (compression bandaging) nearly doubled and the average number of care visits per person declined, yet healing rates nearly tripled. Given this, more patients could be provided care with the new model than with the old delivery model, for the same home-care budget overall.
Our conclusions are similar to those of Simon and colleagues, 29 who noted the cost-effectiveness and importance of nurses managing leg-ulcer care in the community in their comprehensive review. Our results were also similar to recent findings from a UK study where healing rates at 3 months more than doubled while the number of visits to provide care decreased. 30 Our study had several limitations. A prospective, observational "pre-post" evaluation, this study design cannot rule out secular trends that may have influenced the results. There is nevertheless good reason to attribute the improvement in 3-month healing rate and efficiencies to the way care was reorganized after implementation. An experimental study design would have been preferable, but it would have been a monumental task to convince several dozen health care authorities to allow their client populations to be randomly assigned. Another factor constraining the choice of study design was that the region was not prepared to delay the reorganization to plan a multi-site trial. Lastly, although it might be considered a limitation that the nurses providing care were involved in the collection of data, this was necessary to track healing in the community. Once bandages were applied, it would have been unduly intrusive (and prohibitively expensive) to remove them for an outcome assessment. On the other hand, our small team of dedicated, specially trained nurses ensured expert, quality outcome assessments. Consistency in data capture was enhanced by the use of standard clinical forms.
Guideline-driven care of this complex population of patients being treated in the community greatly improved health outcomes and efficiencies without infusion of new dollars. Leg ulcers are a chronic recurrent condition that requires specialized intervention, active self-management and proactive secondary prevention. This approach, which used population-based planning and guidelinedriven practice as the pillars of change, should be applied to other complex conditions and evaluated in other disease populations.
